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l. INTRODUCTION

1. With this Report and Order, we increase the Nation’s supply of spectrum for mobile

broadband by adopting flexible use rules for 40 megahertz of spectrum in the 2 GHz band (2000-2020
MHz and 2180-2200 MHz), which we term the AWS-4 band. In so doing, we carry out a

recommendation in the National Broadband Plan that the Commission enable the provision of stand-alone

terrestrial servicesinthe 2 GHz Mobile Satellite Service (MSS) spectrum band, thus dramatically
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increasing the value of this spectrum to the public. Specifically, we remove regulatory barriersto mobile
broadband use of this spectrum, and adopt service, technical, and licensing rules that will encourage
innovation and investment in mobile broadband and provide certainty and a stable regulatory regime in

which broadband deployment can rapidly occur.

2. To create a solid and lasting foundation for the provision of terrestrial servicesin this
spectrum and to make this spectrum available efficiently and quickly for flexible, terrestrial use, such as
mobile broadband, we will assign the spectrum to the incumbent M SS operators. Thus, together with this

Report and Order, we issue an Order of Proposed Modification, proposing to replace the incumbent MSS

operators’ Ancillary Terrestrial Component (ATC) authority with full flexible use terrestrial authority.

Additionally, we decline to adopt the alternative band plan proposals presented in the AWS-4 Notice of

Proposed Rulemaking and Notice of Inquiry (*AWS-4 NPRM” and “AWS-4 NOI"), 77 FR 22720, April

17,2012, and 77 FR 22737, April 17, 2012, including shifting the AWS-4 uplink spectrum up five or ten

megahertz or further exploring the larger and more complex 2 GHz Extension Band Concept.
. BACKGROUND
A. The Growing Spectrum Demands of M obile Broadband Services

3. Demand for wireless broadband services and the network capacity associated with those

servicesis surging, resulting in agrowing demand for spectrum to support these services.
B. The Spectrum Act

4, In February 2012, Congress enacted Title VI of the Middle Class Tax Relief and Job
Creation Act of 2012, Pub. L. 112-96, 126 Stat. 156 (2012) (the “ Spectrum Act”). The Spectrum Act
includes several provisions to make more spectrum available for commercial use, including through
auctions, and to improve public safety communications. Among other things, the Spectrum Act requires
the Commission, by February 23, 2015, to allocate the 1915-1920 MHz band and the 1995-2000 MHz

band (collectively, the“H Block”) for commercial use, and to auction and grant new initial licenses for
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the use of each spectrum band, subject to flexible use service rules. Congress provided, however, that if
the Commission determined that either of the bands could not be used without causing harmful
interference to commercial licenseesin 1930-1995 MHz (PCS downlink), then the Commission was
prohibited from allocating that specific band for commercial use or licensing it. See 47 U.S.C.
1451(b)(4). Additionally, sections 6401(f) and 6413 of the Spectrum Act specify that the proceeds from
an auction of licenses in the 1995-2000 MHz band and in the 1915-1920 MHz band shall be deposited in
the Public Safety Trust Fund and then used to fund the Nationwide Public Safety Broadband Network
(“FirstNet”). See47 U.S.C. 309(j)(8)(D)(iii), 1457. The H block spectrum could be the first spectrum
specified by the Spectrum Act to be licensed by auction, and thus could represent the first inflow of

revenues toward this statutory goal.

5. In March 2012, the Commission adopted the AWS-4 NPRM, which consisted of a Notice
of Proposed Rulemaking and Notice of Inquiry. Inthe AWS-4 NPRM, the Commission proposed to
increase the Nation’ s supply of spectrum for mobile broadband by removing barriersto flexible use of
spectrum currently assigned to the MSS. The Commission proposed terrestrial service rulesfor the 2
GHz band that would generally follow the Commission’s part 27 flexible use rules, modified as necessary
to account for issues unigue to the particular spectrum bands. The proposed rules were designed to
provide for flexible use of this spectrum, to encourage innovation and investment in mobile broadband,
and to provide a stable regulatory environment in which broadband deployment could develop. The
proposed rules also included aggressive build-out requirements and concomitant penalties for failure to
build out designed to ensure timely deployment of wireless, terrestrial broadband in the band.
Additionally, in the Notice of Inquiry, the Commission sought comment on potential waysto free up
additional valuable spectrum to address the Nation’ s growing demand for mobile broadband spectrum,

including through examination of alternative band plans incorporating the Federal 1695-1710 MHz band.



6. Comments on the AWS-4 NPRM were due by May 17, 2012 and reply comments were
due by June 1, 2012. Thirty-four comments and twenty-one reply comments were filed in response to the

AWS-4 NPRM. In addition, as permitted under our rules, there have been ex parte presentations.
1. REPORT AND ORDER: AWS-4

7. In this AWS-4 Report and Order, we build on the Commission’ s recent actions to

increase the availability of spectrum by enabling terrestrial mobile broadband service in 40 megahertz of
spectrum in the 2000-2020 MHz and 2180-2200 MHz spectrum bands. As explained below, we adopt
AWS-4 terrestrial service, technical, and licensing rules that generally follow the Commission’s Part 27
flexible use rules, modified as necessary to account for issues unique to the AWS-4 bands. First, we

establish 2000-2020 MHz paired with 2180-2200 MHz as the AWS-4 band plan.

8. Second, we adopt appropriate technical rules for operations in the AWS-4 band. This
includes rules governing the relationship of the AWS-4 band to other bands. For example, as explained
below, we require the licensees of AWS-4 operating authority to accept some limited interference from
operations in the adjacent upper H block at 1995-2000 MHz, and impose more stringent out-of-band
emission (OOBE) limits and power limits on these licensees to protect future operations in 1995-2000
MHz. With respect to adjacent operations at 2200 MHz, we permit operator-to-operator agreements to
address concerns regarding interference and also establish default rules to protect against harmful
interference. Further, we require licensees of AWS-4 authority to comply with the OOBE limits

contained in a private agreement entered into with the Global Positioning Systems (GPS) industry.

9. Third, mindful that AWS-4 spectrum is now allocated on a co-primary basis for Mobile
Satellite and for terrestrial Fixed and Mobile services and that M SS licensees aready have authorizations
to provide service in the band, we determine that the AWS-4 rules must provide for the protection of 2
GHz MSS systems from harmful interference caused by AWS-4 systems. |n addition, consistent with our

determination below to grant AWS-4 terrestrial operating authority to the incumbent 2 GHz MSS



licensees, we propose to assign terrestrial rights by modifying the MSS operators’ licenses pursuant to

section 316 of the Communications Act.

10. Fourth, we adopt performance regquirements for the AWS-4 spectrum. Specificaly,
licensees of AWS-4 operating authority will be subject to build-out requirements that require alicensee to
provide terrestrial signal coverage and offer terrestrial serviceto at least 40 percent of itstotal terrestrial
license areas’ population within four years, and to at least 70 percent of the population in each of its
license areas within seven years, and will be subject to appropriate penalties if these benchmarks are not

met.

11. Fifth, we adopt a variety of regulatory, licensing, operating, and rel ocation and cost

sharing requirements for licensees of AWS-4 operating authority.

12. Sixth, we eliminate the ATC rules for the 2 GHz M SS band and propose to maodify the 2

GHz M SS operators' licenses to eliminate their ATC authority.

13. Seventh, consistent with the scope of the AWS-4 NPRM, we take no action on the

Commission’sATC rulesfor other M SS bands.

14. In reaching these conclusions below, we consider other possible outcomes for this
spectrum, proposed in the AWS-4 NPRM or by commenters in response thereto, but ultimately decline to
adopt them. For example, we decline to adopt any of the proposed adternative band plans, including
shifting the AWS-4 uplink spectrum or pursuing the 2 GHz Extension Band Concept that was set forth in
the AWS-4 NOI. Similarly, wereject callsto reduce or take back spectrum allocated to the 2 GHz MSS
licensees and decline to assign AWS-4 terrestrial rights through an auction. We also decline to adopt the
interim build-out benchmarks and their associated penalties as proposed in the AWS-4 NPRM. Further,
we decline to impose restrictions on transferring or assigning AWS-4 spectrum beyond the general
reguirements applicable to Wireless Radio Service spectrum generally. Nor do we impose any roaming

or wholesale obligations beyond those contained in the Commission’ srules, or “useit or shareit”



obligations. Rather, the rules we adopt today represent the Commission’s efforts to make more spectrum
available for terrestrial flexible use, including for mobile broadband, in the public interest, without

imposing undue restrictions on the use of the spectrum.

15. We emphasize that we find the rules we adopt and the actions we take and propose to
take today to bein the public interest based on the totality of the facts and circumstances before us

considered as awhole.

A. AWS-4 Band Plan

16. Band plans establish parameters and provide licensees with certainty as to the spectrum
they are authorized to use. As explained below, based on the record before us, we adopt as the AWS-4
band plan 2000-2020 MHz paired with 2180-2200 MHz, configured in two consistently-spaced 10

megahertz blocks. Further, we will license the blocks on an EA basis.

1 AWS-4 Frequencies and Paired Spectrum (uplink/downlink)

17. We adopt the band plan and spectrum pairing proposed in the AWS-4 NPRM, and
establish the AWS-4 spectrum band as 2000-2020 MHz uplink band paired with 2180-2200 MHz

downlink band.

a. AWS-4 Frequencies

18. We establish the AWS-4 band as 2000-2020 MHz and 2180-2200 MHz. After
considerable analysis of the facts and the record before us, we conclude that this band plan will result in
the most efficient use of spectrum for mobile broadband and, when paired with appropriate technical
rules, will not impair the future use of the 1995-2000 MHz band, thereby enabling usto best fulfill our
obligations under the Spectrum Act and our general obligation to maximize the benefits of the spectrum

for the public interest.



19. Establishing these frequencies for AWS-4 terrestrial spectrum is the culmination of
severa years of Commission effort exploring this path. In July 2010, the Commission adopted the MSS
NPRM and NOI in which it proposed to add co-primary Fixed and Mobile allocations for this spectrum,
75 FR 49871, Aug. 16, 2010. In April 2011, the Commission added these terrestrial allocations, thereby
“lay[ing] the foundation for more flexible use of the band . . . [and] promoting investment in the
development of new services and additional innovative technologies,” 76 FR 31252, 31254, May 31,
2011. Inthat order, the Commission also stated itsintent to initiate a rulemaking—this proceeding—to
explore “service rule changes that could increase investment and utilization of the band in a manner that
serves the publicinterest . . . [including examining] potential synergies with neighboring bands,” 76 FR
31254, May 31, 2011. The record before us demonstrates nearly unanimous support to add terrestrial

rights to the 2 GHz M SS band generally.

20. We adopt this band plan because, of the options available to us, it should enable the use
of the spectrum for mobile broadband in the most expeditious and efficient manner. Setting the AWS-4
band as 2000-2020 MHz and 2180-2200 MHz mirrors the existing 2 GHz MSS band. Because the
existing 2 GHz M SS licensees will have AWS-4 operating authority, under this band plan they will be
ableto offer both terrestrial and satellite service using the same spectrum. In contrast, because the 2020-
2025 MHz band is not allocated for MSS, shifting the AWS-4 band up to include this spectrum would
necessarily create a mismatch between the spectrum available to provide terrestrial service and the

spectrum available to provide satellite service.

21. We decline to adopt our alternative proposals to shift the spectrum in the lower portion of
the AWS-4 band plan. We acknowledge that setting the lower AWS-4 band at 2000-2020 MHz givesrise
to potential interference issues between the AWS-4 band and the 1995-2000 MHz band (AWS-2 upper H
block). Thisraises particular concerns because, as discussed below, Congress has directed the
Commission to assign licenses in the 1995-2000 MHz band through a system of competitive bidding—a

system that, among other things, promotes efficient and intensive use of that spectrum and recovers a
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portion of the value of the spectrum resource. Regulatory actions that might compromise the utility of the
1995-2000 MHz band cannot easily be reconciled with the purposes of the Spectrum Act’s mandate that
this band be licensed through a system of competitive bidding. We find, however, that the tension
between this mandate and the public interest benefits of the band plan we are adopting can be resolved by

promul gating appropriate technical rules for the AWS-4 band, as described below.

22, Because we resolve these interference issues through technical rules, we decline to adopt
any of the three aternative band plans proposed in the AWS-4 NPRM: (1) 2005-2025 MHz paired with
2180-2200 MHz; (2) 2010-2025 MHz paired with 2180-2200 MHz; and (3) the alternative NOI proposal,
aswell as any of the alternative band plan proposals presented by commenters. We decline to shift the
band because we find that the technical rules we adopt below offer a better solution than shifting the
band. Further, nothing in the record has convinced us that the 2020-2025 M Hz band cannot be put to
productive use in the future. We decline to pursue the alternative NOI proposal for the reasons discussed
in section V1. below. Finally, we decline at this time to adopt more aggressive proposals that would
reduce the amount of MSS spectrum or return licenses to the Commission, because we believe the

approach adopted herein will lead to faster and more efficient terrestrial deployment in the AWS-4 band.

b. Paired Spectrum

23. For the AWS-4 band plan, we adopt the same uplink and downlink pairing designations
asthose currently used in the 2 GHz MSS band. Specifically, for AWS-4 spectrum, the lower band
(2000-2020 MHZz) will be the uplink band and the upper band (2180-2200 MHz) will be the downlink
band. Aswe noted in the AWS-4 NPRM, “[a]dopting the same uplink/downlink pairing approach for
AWS-4 asfor 2 GHz MSS may facilitate the continued use of existing satellitesfor MSS,” 77 FR 22722,
April 17, 2012. Thus, it is consistent with our determination, infra, to require AWS-4 operators to protect
2 GHz M SS operations from harmful interference. Stated otherwise, having the AWS-4 band parallel the
spectrum pairing of the 2 GHz MSS band, in terms of their uplink and downlink designations, will

minimize the possibility that AWS-4 operations could interfere with 2 GHz M SS operations and will offer
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the greatest opportunity for synergies between the two mobile services. Our finding is supported by the

record and no commenter objected to this pairing of uplink and downlink spectrum.

2. Spectrum Block Size and Duplex Spacing

24, We determine to license the AWS-4 spectrum in two paired 10 + 10 megahertz blocks,
but, in doing so, we adopt a consistent (i.e., non-variable) duplex spacing. The AWS-4 band will
therefore consist of two paired 10 + 10 megahertz blocks as follows: Block A pairs 2000-2010 MHz with

2180-2190 MHz and Block B pairs 2010-2020 MHz with 2190-2200 MHz.

25. Block Size. We adopt 10 megahertz blocks as the block size for the AWS-4 band. This
block size has several advantages. First, it mirrorsthe current MSS/ATC block size. Second, spectrum
bands of this size will encourage technologies that utilize wider bandwidth, and will encourage the
adoption of and use of next generation technologies. Thisis particularly the casein aband, such asthis
one, where large contiguous blocks are readily configurable. We expect that use of wide, contiguous
blocks of spectrum will support continued innovation and deployment of mobile broadband technologies,
such as Long Term Evolution (“LTE"), to meet higher data rates and wider bandwidths. Additionally, 10
+ 10 megahertz blocks alow for the possibility that multiple providers may make use of the spectrum
(including through the operation of secondary markets), but can also be used asasingle 20 + 20
megahertz block if a single operator controls both blocks in amarket. The record supports both the 10 +
10 MHz blocks and the ability for a single operator to combine both blocks into a 20 + 20 MHz block.
Further, no one submitted comments in opposition to the 10 + 10 block size for AWS-4 terrestrial
licenses. However, AT& T argued that the MSS allocation be reduced to one single 10 + 10 MHz block.
We decline to pursue AT& T’ s request that we reallocated part of the 2 GHz band. Asthe Commission

stated in 2011 in the 2 GHz Band Co-Allocation Report and Order when adding the co-primary fixed and

mobile allocations to the band, “MSS remains co-primary in the 2 GHz MSS band...Both of the MSS
licensees in the band will continue to operate under the terms of their existing licenses,” 76 FR 31252,

31254, May 31, 2011. Thus, to support the continued innovation of mobile broadband technologies by
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providing wide, contiguous channels, we adopt our proposal to license the AWS-4 spectrum in paired 10

+ 10 megahertz blocks.

26. Inthe AWS-4 NPRM, the Commission proposed that, in the event that a single licensee
holds both the A and the B Blocks, that licensee should be permitted to combine the blocks into one
paired 20 + 20 megahertz block. We adopt this proposal. We find it consistent with the record, with our
decision to permit flexible use of AWS-4 spectrum, and with our technical findings below. The rules
adopted herein will allow alicensee holding all paired 20 + 20 megahertz of AWS-4 spectrum to make
use of that spectrum as it seesfit, so long as such use otherwise complies with the Commission’srules,
including the technical and interference rules established herein. Thus, we will provide alicensee holding
AWS-4 terrestrial authority with the opportunity to design its network in a manner that enables it to best
respond to its business and technical needs. For example, combining these blocks may enable alicensee
to benefit from establishing larger channel bandwidths, such as paired 15 + 15 megahertz or 20 + 20
megahertz blocks, which can result in greater spectral efficiency and network capacity and, consequently,

improved customer experiences.

27. Duplex Spacing. We find that the paired 10 megahertz blocks should operate with a
consistent duplex spacing. Thus, block A will pair 2000-2010 MHz with 2180-2190 MHz and Block B
will pair 2010-2020 MHz with 2190-2200 MHz. We license the AWS-4 spectrum such that duplex
spacing of the spectrum blocks will be uniform. Although some commenters support using the existing 2
GHz MSS duplex spacing for AWS-4, we concur with other parties, such as AT&T, that to “facilitate the
deployment of terrestrial AWS-4 service, the Commission should adopt an A-B/A-B configuration,
similar to the consistent duplex spacing used in other AWS and 3GPP standards.” AT&T Commentsto
WT Docket No. 12-70, ET Docket No. 10-142, WT Docket No. 04-356, at page 5. Further, thisis
consistent with the recent change by 3" Generation Partnership Project (“3GPP”) in band class 23 to shift

from an A-B/B-A pairing to an A-B/A-B pairing. Thus, to promote uniformity among mobile wireless
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bands and to maintain consistency with standards setting bodies, we find it appropriate to license AWS-4

spectrum bands in A-B/A-B paired blocks.

28. Changesto MSS Duplex Spacing. Currently, the two MSS licenses in the band are

arranged with one license authorized to use of 2000-2010 MHz as uplink paired with 2190-2200 MHz as
downlink, and the other authorized to use 2010-2020 MHz uplink paired with 2180-2190 MHz downlink.
That is, there are effectively two blocks, each 10 + 10 megahertz, paired A-B/B-A. Asdiscussed above,
we are establishing the AWS-4 blocks in an A-B/A-B pairing, rather than an A-B/B-A pairing. There
remains, however, a need to coordinate between MSS and AWS-4 operations. In fact, as discussed
below, we have found that the assignment of AWS-4 terrestrial use rights must be made to the existing

M SS authorization holders to allow coordination and prevention of harmful interference. Therefore, we
determine to also align the MSS blocks with the AWS-4 blocks. Because, as AT& T states, the MSS
satellites should be “ capable of providing service under a modified A-B/A-B configuration,” this
rearrangement should be feasible and not present a significant burden on the M SS licensees.
Consequently, we adopt a rearrangement of the 2 GHz M SS blocks as follows: the first block shall be
2000-2010 MHz uplink paired with 2180-2190 MHz downlink, and the second block shall be 2010-2020
MHz paired with 2190-2200 MHz. This rearrangement results in the first MSS block aligning with the

AWS-4 A block, and the second M SS block aligning with the AWS-4 B block.

29. Interoperability. The AWS-4 NPRM also sought comment on whether the Commission
should take action to ensure that equipment for the AWS-4 band is interoperable across both paired
blocks. No commenters discussed thisissue. Asthe AWS-4 spectrum will be licensed to the existing 2
GHz MSS licensees, and the commenter controlling both licensees has stated its desire to operate across
the entire band, we anticipate that its operations would result in devices that operate across the entire
AWS-4 band. We therefore take no action at thistime on thisissue. We observe, however, that the
Commission isinvestigating interoperability issuesin other contexts. We continue to believe that
interoperability is an important aspect of future deployment of mobile broadband services. We will
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closely examine any actions taken that have the potential to undermine the development of

interoperability in the AWS-4 band and may take action on thisissueif it is warranted in the future.

3. Geographic Area Licensing

30. We will assign terrestrial spectrum use rights in the AWS-4 band on a geographic-area
basis. A geographic-arealicensing approach iswell suited for the types of fixed and mobile services we
expect to be deployed in thisband. Further, geographic-area licensing will maintain consistency between

the AWS-4 band and the AWS-1 band.

31. Having examined the record, which is mixed on thisissue, we will award terrestrial rights
for the AWS-4 spectrum on an Economic Area (“EA”) basis. We adopt an EA licensing area scheme.
We do so for four reasons. First, addressing the concerns of those seeking larger license areas, EA license
areas are a useful and appropriate geographic unit that Commission has used for similar bands. Notably,
AWS-1 Blocks B and C spectrum is licensed on an EA basis. EA licenses can be aggregated up to larger
license areas, including into MEASs or larger units, including nationwide. Any such aggregation,
however, would not relieve alicensee from obligations that are based on the original EA license area,
such as, importantly, build-out requirements. Second, EA-based licensing is consistent with the other
reguirements adopted herein, most notably the performance requirements discussed below, which
establish EA-based build-out requirements. Third, licensing AWS-4 on an EA basis best balances the
Commission’s goals of encouraging the offering of broadband service both to broad geographic areas and
to sizeable populations. For example, as one commenter notes, licensing in smaller geographic blocks
averts the phenomenon of huge tracts of licensed territory being left unserved. Finally, contrary to one
commenter’ s unsubstantiated claim, we do not believe that licensing on an EA basis impairs nationwide
operations. Indeed, other than the PCS G block, all other major terrestrial spectrum bands are licensed in
discrete geographic areas, including AWS-1, several blocks of which are licensed on an EA-basis. These
bands have not proven unduly difficult for licensees to administer. Consequently, because EAs allow

licensees to build their geographic coverage as needed, are consistent with the other requirements
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established for this band, and promote the Commission’s goal of widespread broadband service, we adopt

the proposal in the AWS-4 NPRM to assign AWS-4 spectrum rights on an EA basis.

32. Gulf of Mexico. Inthe AWS-4 NPRM, the Commission sought comment on how to
include the Gulf of Mexico in itslicensing scheme. The Commission questioned if the Gulf should be
licensed in a similar fashion as the Upper 700 MHz band, where the Gulf was included as part of larger
service areas, or whether the Gulf should be licensed separately. The Commission has addressed the issue
of licensing the Gulf of Mexico in other proceedings and we will follow the established policy on this
issue. Therefore, because we are adopting an EA-based licensing scheme, and the Commission received
no comments directly addressing this issue, we will license the Gulf of Mexico as EA licensing area 176.
Aswedid in licensing other Part 27 services, the Gulf of Mexico service areais comprised of the water

area of the Gulf of Mexico starting 12 nautical miles from the U.S. Gulf coast and extending outward.

B. Technical | ssues

33. Pursuant to its statutory direction in the Communications Act, the Commission adopts
rules for commercial spectrum in a manner that furthers and maximizes the public interest. For example,
allowing spectrum to be repurposed for its highest and best use serves this end as more efficient spectrum
use, among other things, spurs investment and benefits consumers through better performance and lower
prices. Deciding how best to further and maximize the public interest, moreover, is not an assessment
that is made in avacuum. Notably, when developing policies for a particular band, the Commission looks
at other bands that might be affected, particularly the adjacent bands. In revising its rules, therefore, the
Commission often must strike a balance among competing interests of adjacent bands, and between

sometimes competing public interest considerations.

34. The rules for one band, particularly the interference protection rules, affect the use and
value of other bands and thus the public interest benefits that can be realized through the use of those
adjacent bands. Moreover, the public interest analysis, and the balancing of interests across bands, does

not necessarily reduce to an inquiry about the amount of spectrum that is or could be made availablein
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the relevant bands. Not all spectrum use has equal value or leads to the same public interest benefits. For
example, as explained below, wireless providers tend to use more downlink than uplink spectrum.
Therefore, it isnot clear that the loss of some uplink spectrum would diminish the value of, or the
public’sinterest in, alarge paired band when compared to the value that would be created in enabling a
smaller full power downlink band. Indeed, the public interest benefits of afully usable new downlink
spectrum band likely are substantially greater than a fully usable equal sized addition of uplink spectrum
that isapart of alarger band. The balancing between adjacent bands may be weighted further if one band
will enable the combination of spectrum bands, including the aggregation of smaller bands, while the

other band does not.

35. In this section, we adopt the technical operating rules (e.g., interference rules) that will
govern AWS-4 operations and licensees. In general, our aim in establishing technical rulesisto
maximize the flexible use of spectrum while appropriately protecting operations in neighboring bands.
We also specifically consider here our statutory obligations set forth in the Spectrum Act with respect to
the 1995-2000 M Hz band. We base the technical rules we adopt below on the rules for AWS-1 spectrum,
with specific additions or modifications designed to protect operations in adjacent bands from harmful
interference. These bands include (1) the existing 1930-1995 MHz broadband PCS service; (2) future

services operating in the 1995-2000 MHz band; and (3) Federa operations in the 2200-2290 MHz band.

1 OOBE Limits

36. In this section we adopt interference rules for operations between AWS-4 blocks within
the AWS-4 band and between AWS-4 blocks and adjacent and nearby bands. In the event that, once
individual systems are deployed and operational, it is determined that these limitations do not prevent an
AWS-4 fixed or mobile transmitter from causing harmful interference, we shall, at our discretion, require
the licensee of that transmitter to provide greater emission attenuation consistent with the typical

treatment of Part 27 services.
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a. Interference Between Servicesin Adjacent AWS-4 Blocks

37. We require fixed and mobile transmitters operating in 2000-2020 MHz and 2180-2200
MHz bands to attenuate emissions outside the licensed channels in these bands by 43 + 10 log,,(P) dB,
unless all affected parties agree otherwise. Thislimit of 43 + 10 l1og;o(P) dB is consistent with other
CMRS bands, including the AWS-1 band that forms the basis for many of the technical rules we adopt
herein. This specific emission limit, as well as the principle of adopting the same limits across multiple
CMRS bands, is supported by the record. Further, we disagree with the assertion that permitting unified
operations in the band makes it unnecessary for us to establish emissions levels between adjacent block
AWS-4 operations. We observe, however, that to the extent a service provider establishes unified
operations across the AWS-4 blocks, that operator may choose not to observe this emission level strictly
between its adjacent block AWS-4 licenses in a geographic area, so long as it complies with other
Commission rules and is not adversely affecting the operations of other parties by virtue of exceeding the
emission limit.

38. Additionally, we adopt the measurement procedures found in § 27.53(h) to AWS-4
mobile and base stations. Specifically, we require a measurement bandwidth of 1 MHz or greater, with
an exception allowing a smaller measurement bandwidth within the first megahertz outside the channel.
In sum, after reviewing the record and finding it supports the Commission’s proposals, we conclude that
the potential benefits of our proposals would outweigh any potential costs and adopt the proposed OOBE

limit and measurement procedures.

b. Interference with Servicesin Adjacent and Other Bands

39. Having established interference rules for operations between adjacent AWS-4 blocks, we
next set rules for AWS-4 operations relative to operations in adjacent and nearby spectrum bands. 1n so
doing, wherever possible, we establish rules that permit flexible use of the AWS-4 band, while effectively

protecting adjacent and nearby bands from harmful interference resulting from AWS-4 emissions. Asa
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preliminary matter, we observe that the Commission frequently applies a minimum attenuation level of

43 + 10 logyo(P) dB to protect operations in adjacent frequency bands.

) Interference with operations below 1995 MHz

40. We conclude that fixed and mobile transmitters operating in the 2000-2020 MHz AWS-4
uplink band must attenuate emissions below 1995 MHz by 70 + 10 log;o(P) dB. We aso apply the
existing measurement procedure contained in § 27.53(h) of our rules, whereby a measurement bandwidth
of 1 MHz or greater isrequired, with an exception allowing a smaller measurement bandwidth in the first
megahertz outside the channel. Thisemission level is supported by therecord. AT&T, CTIA, Sprint, and
T-Mobile al support the need to protect PCS operations below 1995 MHz. DISH, Greenwood, Motorola,
Nokia, and Sprint all support our proposed OOBE limit of 70 + 10 log;o(P) dB below 1995 MHz for
AWS-4 emissions. No commenters opposed this OOBE limit. We observe that DISH and Sprint have
disagreed asto the technical standards that the 3GPP had established to protect operationsin 1990-1995
MHz from interference from 2 GHz MSS/ATC operators. This disagreement was resolved on November
13, 2012 in 3GPP as-40 dBm/MHz, equivalent to 70 + 10 logso(P) dB, although DISH has expressed
concern that Sprint might reopen thisissue. We decline to insert ourselvesinto this dispute before an
external standards organization. Given the record before us, we therefore conclude that the potential
benefits of our proposals would outweigh any potentia costs and adopt this out-of-band emission limit

below 1995 MHz for all fixed and mobile transmitters operating in the AWS-4 uplink band.

(i) Interference with operationsin 1995-2000 MHz

41. General Considerations. In considering the rules that should govern potential

interference between the spectrum being repurposed—here, AWS-4 spectrum—and the adjacent bands, to
maximize the public interest, the Commission must consider the value of potential uses in both bands.
We are thus generally disinclined to treat an adjacent band as a permanent guard band, which, by

definition, would preclude most use of that spectrum for the provision of full flexible use service to the

17



public, or as alimited use band, which would have considerably less economic value than would afull

flexible use band.

42. Here, one of the adjacent bands—the 1995-2000 M Hz portion of the H block—is not in
use today, but Congress has directed that it be licensed via a system of competitive bidding by February
2015. Asexplained below, this adjacent band raises particularly difficult technical issues because it may
result in an uplink band (2000-2020 MHz) adjacent to a downlink band (1995-2000 MHz). In 2004, the
Commission determined to pair the 1915-1920 MHz band with the 1995-2000 MHz band, and
contemplated that the lower band would be used for mobile transmissions. In particular, the Commission
determined that these bands were comparable to the 1910-1915 MHz and 1995-2000 MHz PCS bands,
which are used as uplink and downlink bands, respectively. The technical rules we adopt today,
therefore, are designed to protect future operationsin the 1995-2000 MHz band from harmful interference
by future operations in the repurposed AWS-4 band. Moreover, enabling full flexible use of the 1995-
2000 MHz band may lead to the pairing of this band with the 1915-1920 MHz band, which would thereby
maximize the public interest benefit of both of these five megahertz bands. Furthermore, we recognize
that in establishing rules that allow the 1995-2000 MHz spectrum band to be put to its highest and best
use, we also further Congress' s objectives related to the use of public safety broadband spectrum in the
700 MHz band. The Spectrum Act directs that the proceeds from the auction of licensesin the 1995-2000

MHz band be deposited into the Public Safety Trust Fund, which will be used to fund FirstNet.

43. In considering the rules that should govern potential interference between the 1995-2000
MHz band, which the Commission envisions as a downlink band, and the adjacent AWS-4 uplink band,
the Commission must consider the public interest benefits associated with potential usesin both bands,
including, but not limited to, the net effect on the economic values of these bands, and adopt technical
rules accordingly. The public interest in the 1995-2000 MHz band is almost certainly maximized if the
band is used as an additional PCS band. DISH, conversely, argued first that the Commission should

effectively treat the 1995-2000 MHz band as a guard band, which would eliminate most of its value.
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DISH then argued that the H block should not be made available for full power use, and instead could be
auctioned for air-to-ground or small cell use, although both of these uses would, in our assessment, have
considerably less economic value and other public interest benefits than an additional PCS downlink
band. Limiting the use of the band to air-to-ground operations would be inconsistent with the Spectrum
Act’sdirection to license the 1995-2000 MHz band for flexible use. Additionally, both the air-to-ground
and small cell proposals, by precluding the possibility of full power cellular operations, would restrict the
value of the band in away that we believe does not promote the public interest in this particular instance
given specific characteristics of the band and the available alternative of higher power use. All four
nationwide wireless providers have broadband PCS spectrum, as do regional and rural providers, and any
of these providers could use additional PCS spectrum to expand capacity. One analyst projected that the
value of the paired H block would be $2-3 billion, which implies a price of at least $0.67-$1.00 per MHz
POP, or $1-$1.5 billion for the downlink band. We note that economists frequently consider it arule of
thumb that the public benefit of alicensed spectrum band typically equates to about ten timesits value at
auction. Although as a matter of practice the Commission does not predict auction prices, we reference
these figures as an indicator of the economic value or public benefit that could be derived from the

spectrum, if it isusable for high power commercial services.

44, The public interest benefits of the AWS-4 spectrum, including its economic value, will
also increase significantly onceit is available for terrestrial use. The largest increase in value would
occur if AWS-4 operations did not need to protect any adjacent bands. But that is not the case here. For
example, AWS-4 operations need to comply with technical rules designed to prevent harmful interference
below 2180 MHz and above 2200 MHz. However, DISH argues that, while licensees of AWS-4
authority should also be subject to technical rules for operations below 2000 MHz, these rules should not
restrict AWS-4 operations even if they limit the efficient use of the spectrum below 2000 MHz. DISH
identifies certain costs associated with such technical rules, including the claimed loss of the ability to use

5 MHz of uplink spectrum. Sprint suggests that this impact can be mitigated through base station receive
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filters, co-location of base stations, and L TE interference mitigations. DISH counters that filters would
require 5 megahertz of transition band, co-location is not possiblein all cases, and the LTE features
mentioned by Sprint are more effective for UE-to-UE interference than base-to-base interference. DISH
has not attempted to quantify the economic value of its possible loss of some of the use of this5 MHz to
society, but smply argues that there is no net gain in spectrum because the Commission would be trading
5 MHz of AWS-4 uplink spectrum for 5 MHz of H block downlink spectrum. This argument ignores the

possibility of the Commission pairing 1995-2000 MHz with 1915-1920 MHz, as previously proposed and

proposed again in the H Block NPRM, in which case making the 1995-2000 MHz band available may
enable atotal of 10 megahertz of spectrum by completing the pairing. Moreover, the 1915-1920 MHz
and 1995-2000 MHz bands could be used by PCS operators to expand, for example, from5 + 5
megahertz blocks to 10 + 10 megahertz blocks, or to otherwise aggregate PCS blocks. Also, as explained
below, the technical rules we adopt do not prevent the use of 5 megahertz of spectrum; rather, they merely

limit its use, and make provisions for improving its usability.

45, More importantly, as explained above, the amount of spectrum is not the only question
that the Commission must consider as we evaluate the rules that will govern the AWS-4 band. Rather, we
must evaluate how best to serve and maximize the public interest with respect to al relevant bands.
Because, as explained below, companies tend to use more downlink than uplink spectrum today, it is not
clear that the loss of some uplink spectrum would significantly diminish the utility (and economic value)
of the paired AWS-4 spectrum. At aminimum, it appears that the public interest benefit (including
economic value) of afully usable 1995-2000 MHz band, which the Commission envisions as a downlink
PCS band, is substantially greater than that of afully usable additional 5 MHz of AWS-4 uplink—perhaps
an order of magnitude greater. This may be particularly so if the 1995-2000 MHz band is ultimately
paired with the 1915-1920 MHz band and the paired band is combined with other PCS spectrum to create,

for example, 10+10 megahertz of PCS spectrum.
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46. Further, the Spectrum Act does not preclude auctioning the 1995-2000 MHz band. We
do not reach any conclusions on the specific future use of the 1995-2000 MHz band in this proceeding;
such determinations are outside its scope. However, in our role as spectrum managers we do establish
rules for AWS-4 that do not preclude uses of the 1995-2000 MHz band, or prejudge it to be unusable.
And, although we do not make a final determination on the use of 1995-2000 MHz, we note that
arguments that it may not be auctioned under the Spectrum Act have several flaws. First, many
commenters on the H block proceeding have suggested that with appropriate technical limitations, the
1915-1920 MHz band will not interfere with the 1930-1995 MHz band. Thus, such interference may not
present a problem, or, if it does, the problem may be partially overcome. Second, although the
Commission has proposed pairing 1915-1920 MHz with 1995-2000 MHz, the Spectrum Act does not
require this, and a finding that 1915-1920 MHz cannot be auctioned due to interference with 1930-1995

MHz does not, in and of itself, release us from our obligation to auction the 1995-2000 MHz band.

47. DISH has put forward atechnical proposal that it feels balances the usability of the 1995-
2000 MHz band with the usability of the AWS-4 uplink band, while also speeding deployment in AWS-4
by minimizing the impact of our rulemaking on the 3GPP standards body. This proposal includes DISH
voluntarily designating 2000-2005 MHz as aterrestrial guard band, proposing the Commission set an
emissions limit of 60 + 10 log;o(P) dB for AWS-4 emissions into the 1995-2000 MHz band, and asking
the Commission to limit any emissions from the 1995-2000 MHz band by 79 + 10 log;o(P) dB above
2005 MHz. Asdiscussed further below, we decline to adopt this proposal because we find that it will not
speed deployment of the AWS-4 band or alow for full flexible use of the 1995-2000 MHz band.
Moreover, DISH’ s request that we establish OOBE limits for the 1995-2000 MHz band is not within the

scope of this proceeding. Rather these limits will be addressed in our companion H Block NPRM.

48. Consequently, while the Commission has not adopted rules for the 1995-2000 MHz band,
we are adopting technical rules for the AWS-4 uplink band that we predict will, in light of the record and

of our assessment of the nature and characteristics of both bands, ensure efficient use of the AWS-4 band
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while preserving our ability to auction licenses for operations in the 1995-2000 MHz band. Moreover, we
find that the approach and the technical rules we adopt will best serve the public interest by striking an
appropriate balance that will enable both the AWS-4 band and the 1995-2000 MHz band that is adjacent
to the AWS-4 uplink band (2000-2020 MHZz) to be used for providing flexible use servicesin the most
efficient manner possible. In thisway, we further and fully comply with our statutory mandates,
including our responsibilities under the Communications Act to manage the spectrum in the public
interest and Congress' s specific direction regarding the 1995-2000 MHz band in the Spectrum Act.
Furthermore, we recognize that in establishing rules that will enable the 1995-2000 MHz spectrum to be
put to its highest and best use, we also further Congress's objectives related to the use of public safety
broadband spectrum in the 700 MHz band. The Spectrum Act directs that the proceeds from the auction
of licensesin the H Block, including 1995-2000 MHz, be deposited into the Public Safety Trust Fund,

which will be used to fund FirstNet.

49, Therefore, as explained below, we establish carefully calibrated, limited technical
restrictions on AWS-4 operations in 2000-2005 MHz, the lowest five megahertz of the AWS-4 uplink
band. In particular, as explained below, we are imposing (1) increased OOBE limits at and below 2000
MHz, (2) reduced power limits for mobile terrestrial operations in 2000-2005 MHz, and (3) requirements
that alicensee of AWS-4 terrestrial rights or of 2 GHz MSS rights must accept harmful OOBE
interference, if any occurs, from future operations in the 1995-2000 MHz band into the 2000-2005 MHz
portion of the AWS-4 and 2 GHz M SS uplink bands and harmful overload interference, if any occurs,
from operators in the 1995-2000 MHz band into the AWS-4 and 2 GHz MSS uplink bands. We do thisto
protect future operationsin the 1995-2000 MHz band from harmful interference; to ensure the possibility
of flexible commercial use of that band, consistent with Congressional direction; and to strike abalance in
ensuring the efficient use of both the AWS-4 and the 1995-2000 MHz bands. The Communications Act
established “that the Commission’s powers are not limited to the engineering and technical aspects of

radio communications.” Rather, the Communications Act directs the Commission to “encourage the
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larger and more effective use of radio in the public interest” and to adopt “ such rules and regulations and
prescribe such restrictions and conditions. . . as may be necessary to carry out the provisions of this Act.”
As explained below, we deem it necessary to set these technical limits to best maximize AWS-4 and
1995-2000 MHz spectrum for flexible terrestrial use by minimizing harmful interference between the
bands. We believe that the technical rules we adopt today to protect against harmful interference will
promote more effective and efficient use of the 1995-2000 MHz band and the AWS-4 band and we
believe that the benefits of these rules will outweigh any restrictions on the use of a portion of the AWS-4
uplink band. Moreover, any restrictions on the use of a portion of the AWS-4 band would be more than
offset by the considerable increase in flexibility that the authorization holders will receive in obtaining
overall terrestrial use rights under the Commission’s part 27 flexible use rules instead of under the

existing ATC rules.

50. Finally, we adopt rules that allow for the restrictions specified above to be modified by
private agreement, thereby providing a licensee of AWS-4 operating authority with the ability to utilize
this five megahertz of spectrum through deployment of higher performance technologies, commercia
agreements with future 1995-2000 MHz band licensees, or other means. Thiswill also provide greater
flexibility to any operators that obtain licenses for both the AWS-4 A block and the 1995-2000 MHz

band, as could be the case for alicensee of AWS-4 authority who bids on the 1995-2000 MHz band.

51. Discussion. For AWS-4 operations in 2000-2020 MHz, we adopt an OOBE limit of 70 +
10 loge(P) dB at and below 2000 MHz. Thislimit promotes the public interest for several reasons: (1) it
promotes the best and highest use of spectrum, (2) it fulfills our statutory obligations, (3) it provides
consistent levels of protection for the adjacent 1990-1995 MHz and 1995-2000 MHz downlink bands, and

(4) it maintains consistency with past Commission actions.

52. Best and highest use of adjacent spectrum. DISH has stated that a required attenuation of

70 + 10 logyo(P) dB below 2000 MHz would have a hegative impact on operations in the AWS-4 uplink

band. Whilethisis correct, we seek to balance this negative impact on a portion of the AWS-4 uplink
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spectrum with the positive impact on the usability of the 1995-2000 MHz band, to obtain the most
efficient use of both bands, and to maximize the overall public interest. To this end, we observe that
mobile broadband uses far more downlink than uplink spectrum. For example, at an FCC forum on the
future of wireless band plans, Nokia Siemens Networks presented data showing atypical LTE network
producing 13 times more downlink data than uplink data, while Alcatel Lucent showed 17 to 30 times
more downlink data than uplink data. Accordingly, thereisamore pressing need for downlink spectrum
than for uplink spectrum. Therefore, a possible limited reduction in uplink capacity may not present a
hardship to alicensee of AWS-4 operating authority. In addition, as discussed further below, while some
of the uplink spectrum may be restricted in power, our rules do not eliminate the use of any uplink
spectrum. Furthermore, extensions of existing bands can typically be put to use more cost-effectively
than new bands. Finally, to the extent some spectrum may have reduced utility to address interference
issues, afixed spectrum impact will represent alarger fraction of the 5 megahertz band from 1995 to 2000
MHz than of the lower 10 megahertz block in the 2000-2020 MHz band. Therefore, because 1995-2000
MHz can be used as a small downlink expansion of the existing PCS band, while 2000-2020 MHz isthe
larger uplink of anew band, these factors indicate that more efficient use of spectrum can be realized by
promoting usability of 1995-2000 MHz even if it decreases the usability of alimited portion of the 2000-

2020 MHz AWS-4 band.

53. Statutory obligations. We find this OOBE limit, combined with the mobile power limits

and requirement to accept interference within the 2000-2005 MHz band from lawful operationsin the
1995-2000 MHz band, which we establish below, allows us to fulfill our spectrum manager role under the
Communications Act by balancing the public interest goals of enabling efficient use of both the 1995-
2000 MHz band and the AWS-4 band. Moreover, thislimit enables us to fulfill our obligations under the
Spectrum Act with regard to the 1995-2000 MHz band. The Spectrum Act requires the Commission,
among other things, to make available via a system of competitive bidding the 1995-2000 MHz band. We

believeit is consistent with Congress' s specific direction to auction this spectrum to preserve our ability
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to reach apossible finding that this band should support the deployment of full, robust, commercial
service—including for mobile broadband. DISH suggests that we could restrict an auction of 1995-2000
MHz to small cell operations or as part of a paired air-to-ground / ground-to-air band. We decline to so
limit the potential uses of the 1995-2000 MHz band at thistime, because this would likely diminish the
efficiency and usefulness of the spectrum given the significant value we believe exists for high power
uses in the 1995-2000 MHz band. Further, the Spectrum Act specifically calls for flexible use of 1995-
2000 MHz, and limiting the band to be suitable only for small cell or air-to-ground services may
improperly curtail such flexible useif full terrestrial use remains a reasonable possibility for the band.
While flexible use rules that permit higher power terrestrial use could also permit small cell or air-to-
ground services, the reverse is not true—a band limited to either of those uses could not also be used for
full power terrestrial operations. DISH fails to explain how we can fulfill our statutory obligation to make
the 1995-2000 MHz band available for flexible use via a system of competitive bidding without a strong
OOBE limit. Moreover, itisnot clear if either small cell or air-to-ground use would result in an improved
interference environment as compared to full power use. Should the Commission ultimately determine, in
the forthcoming proceeding on this band, to limit the permissible services in this band, DISH or any other

party isfree to petition usto revisit the technical rules we adopt herein.

54, Consistent Protection Levels. To promote more effective and efficient use of the 1995-

2000 MHz band, we believe the same OOBE limit the Commission adopted to protect current PCS
operations below 1995 MHz—70 + 10 log;o(P) dB—will be both necessary and sufficient to protect
future operationsin the 1995-2000 MHz band. This creates consistency in our rules, by affording the

1995-2000 MHz band the same protections as the existing PCS band.

55. Past Commission Actions. The Commission has long sought to put the 1995-2000 MHz

band to productive commercia use. In 2004, 2007, and 2008, the Commission undertook efforts to make
this spectrum available for full flexible use. We therefore reject the approach advocated by some that the

1995-2000 MHz band should be used as a guard band between the extended PCS downlink band from

25



1990-1995 MHz and the AWS-4 uplink band. Setting aside this block for no use is directly at odds with
the Commission’ s past actions. Further, in 2010, the National Broadband Plan recommended that the
Commission make this band available through auction. Thus, the public has long been on notice that the
1995-2000 MHz band is not intended for use as a guard band. Such notice significantly predates the

current MSS licensee' s acquisition of DBSD and TerreStar in 2011.

56. The Record. The proposed OOBE limit of 70 + 10 log;o(P) dB at and below 2000 MHz
received some support in the record. For example, Sprint supports this OOBE level as necessary to
protect the 1995-2000 MHz band. U.S. Cellular proposed alimit of 70 + 10 log,o(P) dB at and below
2000 MHz to protect the 1995-2000 MHz band. Several other commentersindirectly support an OOBE
limit of 70 + 10 log;o(P) at 2000 MHz, which will be five megahertz away from full power use of the
AWS-4 uplink band, by stating that this level is necessary to protect PCS operations below 1995 MHz
without assuming any reduction in power between 2000-2005 MHz. To achievethislevel of protection
for the 1995-2000 MHz band without applying this OOBE limit at 2000 MHz and lower power [imitsin
2000-2005 MHz, we would need to create frequency separation between the 1995-2000 MHz band and
the AWS-4 uplink band. For the reasons explained above, however, we decline to shift the AWS-4 uplink
band up 5 megahertz (or more) to 2005-2025 MHz. DISH makes several arguments objecting to this
OOBE limit as unprecedented, unnecessary, and restrictive. DISH also asserts that this limit would affect
AWS-4 operations, including negative impacts for AWS-4 devices, rendering 25% of the AWS-4 uplink
unusable, slowing DISH’ s deployment due to delays in the 3GPP standards process, requiring as many as
15-30% additional sites for licensees of AWS-4 authority, and not creating a net gain of spectrum for
broadband. DISH proposed that we instead adopt an OOBE limit of 43 + 10 logyo(P) dB at 2000 MHz
and separately that we adopt an OOBE limit of 60 + 10 logo(P) dB at 2000 MHz. We are not persuaded

by these arguments.

57. We adopt the specific level of 70 + 10 log,o(P) dB because it provides a reasonable level

of protection for the 1995-2000 MHz band, there is directly applicable precedent in the existing protection
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of the PCS G block from MSS/ATC, and it is superior to other attenuation levelsraised in therecord. As
DISH correctly notes, the interference from the AWS-4 uplink to operationsin the 1995-2000 MHz band
islikely to be mobile-to-mobile interference, and is therefore probabilistic, meaning the probability of
interference depends on the likelihood of the interfering and victim mobiles passing close enough to each
other under the right conditions. However, determining that interference is probabilistic does not mean
that it should be ignored; rather, it means that rules should be set to ensure that the probability of
interference is reasonably low. To evaluate this probability, we make reasonabl e assumptions about
interference and ook at the separation needed between mobile devices to prevent interference with those
assumptions. A larger resulting separation indicates a higher likelihood of interference. In its comments
on this proceeding, Motorola proposes assumptions for the protection of the 1930-1995 MHz band that
we find reasonable, with one modification, and applicable to the 1995-2000 MHz band. Using the
proposed assumptions with this modification, 70 + 10 log;o(P) dB yields a separation of 1.4 meters (under
5 feet), similar to the separation of 2 meters (about 6 feet) proposed by Motorola and the separations
typically used in 3GPP standards. 70 + 10 logo(P) dB is aso the level that Sprint recommends as
necessary to protect the 1995-2000 MHz band. As another reference point, 3GPP adopts a similar but
more stringent level of 80 + 10 log,(P) dB for the protection of mobile receivers from mobile

transmitters in most cases.

58. DISH’sinitia proposal of 43 + 10 log;o(P) dB does not provide adequate protection to
the 1995-2000 MHz band. Applying the same calculationsto the level of 43 + 10 log,o(P) dB yields a
separation of 32 meters (over 100 feet). This represents a dramatic increase in the probability in
interference, because it isfar more likely that two mobiles will pass within 100 feet of each other, rather

than 5 feet of each other.

59. Although DISH provides more technical support for its later proposal of 60 + 10 logo(P)
dB, including references to two 3GPP submissions, from Qualcomm and Intel respectively, and one
CEPT (European Conference of Postal and Telecommunications Administrations) study that proposed
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levels less stringent than 60 + 10 logyo(P) dB in various situations, we observe that applying the above
assumptions to the 60 + 10 logo(P) dB level would result in a separation of 14 meters (about 46 feet), an
unacceptably high separation compared to industry norms. In addition, each of these studies considers a
different case than we consider here, and thusis not directly applicable. Finally, we note that despite
these studies, 3GPP has adopted the level of 80 + 10 log,o(P) dB for the protection of the vast majority of
bands, and offering alevel of only 60 + 10 log;o(P) dB may not allow full use of the 1995-2000 MHz
band. Further, DISH argues that independent of the OOBE level, interference can only occur 0.25% of
thetime. However, DISH offered no data to support its conclusions. In sum, contrary to DISH’s
assertions that this emission limit is not necessary to protect the 1995-2000 MHz band, we find
attenuating OOBE in 1995-2000 MHz by afactor of 70 + 10 log;o(P) dB will provide needed protection

to the 1995-2000 MHz band.

60. In addition to providing reasonabl e protection from interference, 70 + 10 log;o(P) dB is
the level the Commission has already determined appropriate for protection of PCS operations bel ow
1995 MHz, and given the expected similarity of operations in the 1995-2000 MHz band, thislevel isalso
applicable to AWS-4 emissions into the 1995-2000 MHz band. DISH suggests that thisis not an
applicable precedent because it was previously applied at 5 megahertz separation from the MSS/ATC
band, not at the band edge. DISH suggests that precedents such as 60 + 10 log;o(P) dB, 55 + 10 log:o(P)
dB, or 43 + 10 log,o(P) dB are more relevant. We disagree with DISH because we find that the
interference in the 1995-2000 MHz band will be driven by the AWS-4 OOBE into the 1995-2000 MHz
band itself, not by the emission levels of the transmissions outside these frequencies. Therefore, the
frequency separation from the band edge is not determinative of establishing the OOBE limit. In
addition, the 60 + 10 log;o(P) dB level isfrom a study of TDD to FDD interference released by the
Commission’s Office of Engineering and Technology (OET), which did not result in the adoption of this
limit into our rules. Although this study considers a similar case of mobile-to-mobile interference, the

difference results from differing assumptions, including assumptions that the victim handset is using
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UMTS and can tolerate an interfering signal 11.8 dB stronger than its desired signal. LTE mobiles,
however, cannot necessarily tolerate such high levels of interference, and we find, in agreement with the
modified Motorola assumptions discussed above, that the interfering signal should be no stronger than the
mobile’ s noise floor. Applying this one change to the assumptions of the OET study would result in level
of at least 71 + 10 l0g0(P) dB. DISH also argues that the 55 + 10 logio(P) level, used in BRS, isasimilar
case of TDD to FDD interference. There are many differences between the BRS band and the 1995-2000
MHz band, including the flexibility of BRS operators to synchronize their systems to avoid interference
and the greater ease of achieving frequency separationsin a 194 megahertz band. In addition, we note
that the BRS rules apply alevel of 67 + 10 logo(P) to fixed stations in the event of interference
complaints, much closer to the 70 +10 logyo(P) level we adopt here. Further, as discussed above, the 43 +
10 log;0(P) dB level does not provide adequate protection from interference in this case and so is not

appropriate here.

61. Although applying this limit of 70 +10 log;o(P) dB at the edge of the AWS-4 band may
be more restrictive than applying it at 1995 MHz and below, we find DISH’ s assertions that adopting this
limit at and below 2000 MHz would increase the cost of mobile devices, require significant power
reductions, and require aroll-off region to be poorly supported and unpersuasive. DISH did not quantify
these hardships with specific cost numbers, filter insertion losses, power reduction requirements, or the
amount of spectrum impacted. Nor did DISH explain what factors would increase the cost of the mobile
devices, soitisnot clear if these impacts would be independent of or additive to one another. For
example, there is a trade-off between filter roll-off and filter cost (and therefore device cost), so it may not
be reasonable to assert both hardships will result. Further, we note that to the extent there is aroll-of f
region or power reduction region, these reduce the power in the lower part of the AWS-4 uplink band, but
do not necessarily render it unusable. For example, if there isreduced coverage in the first 5 megahertz, it
may still be usable for capacity in areas of good coverage. In fact, with technological advancements it

may be put to use dynamically. For example, a base station scheduler using a 10 megahertz carrier in
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2000-2010 MHz could assign mobilesin good signal conditions (and therefore requiring less power to
close the link) to the lower 5 megahertz, and mobiles in poor signal conditions (requiring higher power) to

the upper 5 megahertz, thereby making use of all of the spectrum.

62. Similarly, we find to be flawed DISH’ s arguments that the limit of 70 + 10 log;o(P) dB at
and below 2000 MHz would render 25% of the AWS-4 uplink spectrum unusable and increase AWS-4
deployment costs by 15-30% DISH’s argument for rendering 25% of the uplink unusable actually asserts
that base station operations in the 1995-2000 MHz band would potentially overload its AWS-4 base
station receivers; DISH does not make an argument based on the AWS-4 uplink OOBE limit. Therefore,
this argument is not relevant to the OOBE limits on AWS-4 devices. However, we do discuss potential
interference from the 1995-2000 MHz band to AWS-4 base stations below. Similarly, DISH argues that
the anticipated OOBE from 1995-2000 MHz band transmitters above 2005 MHz will require additional
site builds where colocation is not possible, and makes some high-level, general statements that the
impact represents about a 15% increase in the number of sitesto be built. Thisisalso not relevant to the
limit of 70 + 10 log;o(P) dB at 2000 MHz for the AWS-4 uplink. The technical requirements for base
stations in the 1995-2000 MHz band are outside the scope of this Report and Order and will be addressed

inthe H Block NPRM.

63. We dso find for the reasons stated above that, to the extent imposing a limit of 70 +10
l0g;0(P) dB at and below 2000 MHz does have some negative impact on the usability of the AWS-4
uplink, thisimpact is balanced by the increased utility of the 1995-2000 MHz band. DISH argues that its
claimed loss of 25% of its uplink spectrum to enable the full flexible use of the 5 megahertz of the 1995-
2000 MHz band will result in no net increase in the amount of spectrum available for broadband.
However, this claim overlooks the fact that if 1995-2000 MHz is paired with 1915-1920 MHz, the
calibrated restrictions we place on AWS-4 may enable the Commission to make available 10 megahertz
of broadband spectrum. Moreover, the restrictions would still allow the full use of at least 5 megahertz (if

not more) of uplink (i.e., at least 2005-2010 MHz of the 2000-2010 MHz uplink segment) and the full 10
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megahertz of paired downlink spectrum (i.e., 2180-2190 MHz). Thiswould not be the caseif the
restrictions at issue were imposed on 1995-2000 MHz in a scenario where that spectrum is only paired
with another 5 megahertz. And, even if 1995-2000 MHz becomes an unpaired downlink band, DISH’s
argument rests on the assumption that 5 megahertz of uplink in the 2000-2020 MHz band is equivalent to
5 megahertz of downlink in the 1995-2000 MHz. As discussed above, this argument is flawed, because
(2) thereis more need for downlink spectrum than uplink spectrum, (2) the restricted use of 5 megahertz
would have less of an impact to a 10 or 20 megahertz carrier in the AWS-4 band than it would to a5
megahertz carrier in the 1995-2000 MHz band, including a carrier that would use the 1995-2000 MHz
band to expand an existing use of the PCS band, (3) given the downlink-limited nature of broadband
capacity, theloss of 5 megahertz of uplink spectrum in a band with two paired 10 + 10 megahertz blocks
may have no impact on actual network capacity, and (4) an extension of an existing band is more easily

utilized than a new band.

64. We are also not convinced by DISH’ s argument that adopting this limit will protect and
favor an unassigned band over an assigned band. Because there has been no deployment of terrestrial
services, devices, or base stationsin either band, we find this argument unpersuasive. DISH further
argues that adopting this limit places “the entire burden” on AWS-4, and that imposing this limit is
premature and an attempt to predetermine the rules for the 1995-2000 MHz band. We disagree. We do
not set rules for 1995-2000 MHz in this proceeding; rather, we set some limitations on AWS-4 which are

balanced by promoting the usability of the 1995-2000 MHz band.

65. In addition, the likely practical impact of technical protections for the 1995-2000 MHz
band in the AWS-4 uplink issmall. We are not reclaiming any spectrum; rather, we are implementing an
OOBE limit that may reduce the power levels on some uplink spectrum. As discussed above, with newer
technologies such as L TE, power reductions of a portion of a carrier do not prevent it from being put to
use in some portions of acell and augmenting capacity. Further, current broadband networks use far

more downlink capacity than uplink capacity. Based on prevailing traffic patterns, alicensee of AWS-4
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authority with 20 MHz of downlink capacity is very likely to have excess uplink capacity in any case.
DISH states that this line of reasoning is “misguided”, because DISH needs 40 megahertz to compete, and
needs “more spectrum, not less.” However, DISH fails to address the asymmetry of traffic, and only
makes the blanket statement that it needs more spectrum. Of course, like al operators, DISH isfreeto
acquire more spectrum as needed, and in fact we observe that DISH has spectrum in other bands,
including in the 700 MHz Band. In any case, we are creating 40 megahertz of terrestrial rights. Although
the rules we adopt may limit the power levelsin part of the uplink spectrum, they do not prohibit its use,
and as discussed below, they leave room for the licensee of AWS-4 operating authority to find technical

or business approaches to increase the utility of the uplink spectrum if needed.

66. Finally, we find DISH’ s arguments that adopting this emission limit would delay its
deployment time frame by causing delay in equipment standards in 3GPP to be unpersuasive. First, the
Commission has historically not based its decisions regarding the appropriate technical rulesfor a
wireless service merely on the potential of those decisions to delay the devel opment of private party
technical standards. Second, DISH is not required to await 3GPP standards resolution to design, test, and
deploy equipment, particularly if it isthe only operator in the band. Rather, a decision to wait until 3GPP
has established final standardsis an internal business decision, not a delay imposed by the Commission’s
development of technical rulesfor the service. Third, the only change necessary in the 3GPP standard
would be modifying band 23 to accommodate the emission limit at 2000 MHz (and the power limits for
operations in 2000-2005 MHz); many of the other parameters for this band (e.g., OOBE at 2020 MHz;
duplex spacing; frequencies; channel numbers; and so forth) could remain the same. Sprint has indicated
that this additional work should take less than 6 months, and it has stated its commitment to facilitating
relevant work in 3GPP. Fourth, DISH can also mitigate adelay in obtaining final standardsin several
ways. For example, in its comments, DISH identifies several groups of tasks that would need to be
completed prior to the launch of service, but states that the task groups must be performed serialy, taking

four yearsin sum. We do not believe that either engineering or business practices require these tasks be
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completed in aserial process; rather, we believe that they can be accomplished in part in parallel. Indeed,
in the WCS proceeding, AT&T indicated that about half of the time needed to develop standards would
overlap with equipment design and equipment testing. If DISH wereto apply asimilar level of overlap to
the tasks it outlines, it would still be able to meet its proposed 4 year timeline for launching service. In
sum, while DISH makes unsupported, speculative, and vague statements as to the possible impact of
3GPP timing on its market entry, the impact of not adopting these rulesis clear and detrimental to the

public interest.

67. As discussed above, DISH also proposed a combination of rules and commitments that it
sayswill allow full use of the 1995-2000 MHz band while preventing any 3GPP delay. In addition to
finding above that this proposal does not facilitate full flexible use of the 1995-2000 MHz band, we also
find that it does not reduce the likelihood of 3GPP delays. DISH bases its argument on its assertion that
integration of an external duplexer will alow it to meet alevel of 60 + 10 log;o(P) dB without changing
the design of its chipset. However, as DISH has pointed out, the 3GPP standards contain the current ATC
rule for OOBE in 1995-2000 MHz in the device co-existence table, and regardless as to whether the limit
is60 + 10 log;o(P) dB or 70 + 10 log;o(P) dB, 3GPP may choose to update this table and evaluate the
impact of the new level on device design. Further, since the level of 60 + 10 logo(P) dB affords less
protection than 70 + 10 log;o(P) dB, it may create more contention and delay in 3GPP than our proposal.
In summary, we do not find support in the record that adopting alevel of 60 + 10 log;s(P) dB will bring
operations in the AWS-4 band to market sooner than the attenuation of 70 + 10 log;o(P) dB that we do

adopt.

68. Private Agreements. We recognize that technological improvementsin devicesin the

1995-2000 MHz band, as well as willingness on the part of licensees of the 1995-2000 MHz band to
accept a higher probability of interference, could reduce the need for OOBE restrictions in 1995-2000

MHz. Therefore, we allow for licensees of AWS-4 authority to enter into private operator-to-operator
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agreements with all 1995-2000 MHz licensees to operate in 1995-2000 MHz at OOBE levels above 70 +

10 IOg]_o(P) dB.

69. Summary. We find that while DISH argues that the imposition of an OOBE limit of 70 +
10 logye(P) dB on AWS-4 uplink operations will render 5 megahertz of the AWS-4 uplink unusable and
create delays in 3GPP, these arguments are unsupported, speculative, and vague, and in some cases not
relevant to the uplink OOBE limit. Similarly, we do not find DISH’ s recent proposal of 60 + 10 logyo(P)
dB at 2000 MHz to be an appropriate limit. While we acknowledge that imposition of the limit of 70 +
10 l0g10(P) dB may have a negative impact on the usability of a portion of the AWS-4 uplink band, thisis
more than offset by the public interest benefits of increasing the usability of the 1995-2000 MHz band.
Moreover, some of DISH’ s objections are not relevant to the OOBE limit on the AWS-4 uplink, but
instead have to do with power and OOBE for operations in the 1995-2000 MHz band. As discussed
below, DISH in fact does also suggest OOBE and power limitations for the 1995-2000 MHz band. As
discussed elsewhere, we have had an open proceeding since 2004 that proposed full power use in 1995-
2000 MHz, and an OOBE limit of 43 + 10 log;o(P) dB for H block transmitters. Therefore, DISH has
been aware of these issues for sometime. These issues, moreover, can be addressed in the H Block
NPRM. Further, even if our actions do in fact create only 15 megahertz of usable uplink for terrestrial
use, this Report and Order still creates alarge increase in the overall utility of this spectrum. That is, 15
megahertz of full usable terrestrial uplink can be put to more productive use than 20 megahertz of
MSS/ATC uplink spectrum. For example, one commenter suggested that this conversion creates billions
of dollarsin value. For all these reasons, we find that requiring an attenuation of 70 + 10 log;o(P) dB at

and below 2000 MHz is appropriate for the AWS-4 uplink.

70. Finally, we decline to address the request by DISH that we clarify that the existing linear
interpolation of the OOBE between 2000 MHz and 1995 MHz should be calculated in watts, rather than
in dB. Because we adopt aflat OOBE limit across 1995-2000 MHz, thisissue is moot, and we do not

make a determination on it.



71. M easurement Procedure. We adopt the measurement procedure set forth in Section

27.53(h) of our rulesto determine compliance with thislimit. This section requires a measurement
bandwidth of 1 megahertz or greater with an exception allowing a smaller measurement bandwidth in the

first megahertz adjacent to the channel.

72. In sum, in order to maximize the public interest, comply with Congressional direction,
and best balance the most efficient use of all relevant spectrum bands, including enabling future
operations in the 1995-2000 MHz band and creating a useful AWS-4 band, we set the OOBE limit of 70

+ 10 log;0(P) dB at al frequencies at or below 2000 MHz.

(iii) Interference with operationsin 2020-2025 MHz

73. We conclude that the 43 + 10 log,o(P) dB OOBE limit and the measurement procedure
set forth in 8 27.53(h) are appropriate for protecting the 2020-2025 MHz band. No commenters opposed
this proposal. Thus, for the reasons articulated in the AWS-4 NPRM, 77 FR 22720, Apr. 17, 2012, and

in the |CO Waiver Order, 74 FR 29607 (Jun. 23, 2009), we find that this OOBE limit remains

appropriate.

(>iv) I nterference with oper ations above 2025 MHz

74, We conclude the 43 + 10 log;o(P) dB OOBE limit and the associated measurement
procedure defined in § 27.53(h) are appropriate for protecting federal operations and BAS and CARS
operations at 2025-2110 MHz. Thislimit is consistent with the record and no commenters disagreed with
a 43 + 10 log;e(P) OOBE limit above 2025 MHz, thus we conclude the record indicates that the benefits
of the proposal outweigh any potential costs. Thus, we find it appropriate to continue to apply the 43 +
10 loge(P) OOBE limit and its associated measurement procedure that has effectively been in place since

2009.

(V) Interference with operations below 2180 MHz

35



75. We adopt an OOBE limit of 43 + 10 log,(P) dB to protect wireless systems that will
operate below 2180 MHz. This conclusion is supported by the record. Furthermore, we anticipate future
operationsin the 2155-2180 MHz band will be similar in design and use to cellular and PCS systems, in
which the 43 + 10 logy(P) dB limit has been used effectively in limiting adjacent channel interference
between systems operating in the same direction (e.g., downlink next to downlink). We therefore adopt
the 43 + 10 logyo(P) dB OOBE limit below 2180 MHz for all transmitters operating in the 2180-2200
bands. With no commenters opposing this emission limit, we further conclude that its benefits outweigh

any potential costs.

(vi) Interference with operations above 2200 MHz

76. Background. Inthe AWS-4 NPRM, the Commission sought comment on the appropriate
OOBE limit for licensees of AWS-4 downlink spectrum at 2180-2200 MHz in order to protect adjacent
block operations, including federal operations at 2200-2290 MHz. The Commission observed that the
part 25 rules set forth strict emission limitations (-100.6 dBW/4 kHz EIRP) in the 2180-2200 MHz band,
including at the 2200 MHz band edge. The rules also prohibit the location of 2180-2200 MHz base
stations within 820 meters of a Federal earth station operating in the 2200-2290 MHz band. 1n 2009,
however, the Commission waived the part 25 emission limit (-100.6 dBW/4kHz EIRP) rule for one of the
2 GHz MSS/ATC licensees with regard to operations at or above 2200 MHz; instead of the rule, that
licensee was required to satisfy the terms of an operator-to-operator agreement between the MSS/ATC
licensee and certain federal operators in the 2200-2290 MHz band. That agreement specified that, in
certain circumstances, the MSS/ATC licensee was required to satisfy the part 25 emission limit, but in
other circumstances, only had to satisfy the standard Commission emission limit of 43 + 10 log;o(P) dB.In
December 2012, DISH and federal users of the 2200-2290 MHz band entered into an operator-to-operator
agreement, which the National Telecommunications and Information Administration (NTIA) of the U.S.
Department of Commerce transmitted to the Commission. The agreement specifies that DISH (through

its subsidiaries, as appropriate) will operate each base station in the 2180-2200 MHz band such that the
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power spectral density (PSD) of the signal received at existing Federal earth stations and aeronautical
mobile telemetry (AMT) stations shall not exceed agreed upon levels. The agreement also contains
provisions for addressing the operation of 2180-2200 MHz base station relative to new federal stations to

be deployed in the 2200-2290 MHz band.

77. Discussion. We adopt the following approach for protecting Federal operationsin the
2200-2290 MHz band from harmful interference from AWS-4 operations in the 2180-2200 MHz band.
First, as discussed further below, we permit AWS-4 operators and Federal operators to enter into an
operator-to-operator agreement that will specify terms of the permissible AWS-4 OOBE limits and/or
maximum actual AWS-4 emissions to be received at the sites of Federal operations in the 2200-2290
MHz band. Second, we establish default OOBE limits for AWS-4 operations into the 2200-2290 MHz
band in the event such private agreement were not in effect (e.g., the agreement was terminated pursuant
toitsterms); AWS-4 licenses return to the Commission (e.q., for alicensee s failure to meet the

construction reguirements).

78. We adopt this approach after careful analysis of the options before us. As explained
above, the current ATC regime for protecting Federal operations in the 2200-2290 MHz band is a mix of
Commission rules, waiver orders, and operator-to-operator agreements. As aresult, the two MSS/ATC
licensees have different interference protection requirements with respect to Federal operatorsin the
2200-2290 MHz band. Further, as noted above, during the course of this proceeding, the current 2 GHz
MSS/ATC licensees (and prospective AWS-4 licensees) entered into an operator-to-operator agreement
with Federal operatorsin the 2200-2290 MHz band. It isagainst this backdrop that we promulgate
OOBE rules for AWS-4 base station emissions into the 2200-2290 MHz band, which, likethe ATC
regime, will both set clear rules and allow licensees of AWS-4 operating authority to deviate from those
rules by entering into operator-to-operator agreements, which will be transmitted to the Commission by

NTIA.
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79. First, we permit, but do not require, licensees of AWS-4 authority to enter into operator-
to-operator agreements with Federal operators at 2200-2290 MHz to address the attenuation of emissions
from AWS-4 base stations operating at 2180-2200 MHz into the adjacent Federal band, so long as such
agreements do not otherwise run afoul of other Commission rules. We observe that the existing
MSS/ATC licensees and federal users of the 2200-2290 MHz band have already effectuated such an
agreement on what they, as actual operators, find to be the best environment to avoid actua harmful
interference. We applaud the adjacent Federal and non-Federal operators for reaching this agreement and,
with this Report and Order, provide afoundation for this agreement and other similar agreements that
might be reached in the future without the need for awaiver or other special permission from the
Commission. Therefore, we permit the DISH-Federal Agreement to govern AWS-4 base station
emissions from 2180-2200 MHz into the 2200-2290 MHz band. Specifically, when, as discussed below,
the licenses held by the current 2 GHz M SS licensees are modified to include AWS-4 service, we will
include as conditions to such license modifications the requirement that the licensees of AWS-4 operating
authority must comply with the DISH-Federal Agreement with regard to the permissible AWS-4
emissions into the 2200-2290 MHz band and/or the maximum actual AWS-4 emissions to be received at
the specified sites of Federal operations in the 2200-2290 MHz band. To ensure that this agreement, and
any subseguent agreements are consistent with other Commission rules and do not impede the operation
of secondary markets, we require that the licensee of AWS-4 authority who is a party to an operator-to-
operator agreement maintain a copy of the agreement(s) in its station files and disclose it, upon request, to
prospective AWS-4 assignees, transferees, or spectrum lessees, to Federal operatorsin the 2200-2290

MHz band, and to the Commission.

80. Second, to ensure that OOBE limits are established in the event such private agreements
are not entered into or do not address al situations between AWS-4 operations in the 2180-2200 MHz
band and Federal operations in the 2200-2290 MHz band, we establish default OOBE limits for AWS-4

emissions into the 2200-2290 MHz band. Because the record does not contain any technical justification
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to support any specific OOBE limit, and because the Commission did not propose a specific limit in the
AWS-4 NPRM, we adopt the protection levels contained in the ATC rules relative to protection of
Federal operations in the 2200-2290 MHz band. Accordingly, AWS-4 base stations operating in 2180-
2200 MHz shall not exceed an EIRP of -100.6 dBW/4 kHz for emissions into the 2200-2290 MHz band.
Further AWS-4 base stations operating in 2180-2200 MHz may not be located less than 820 meters from

aU.S. Earth Station facility operating in the 2200-2290 MHz band.

81. Finally, to avoid possible confusion between the operation of an operator-to-operator
agreement and the default OOBE limit, we clarify the application of our rulesin the event that (1) an
operator-to-operator agreement ceases to operate (for whatever reason) or (2) is operative for less than the
entire universe of AWS-4 licenses or Federal operationsin the 2200-2290 MHz band. In either case
where the agreement is not in effect, the licensee of AWS-4 operating authority must comply with the
default rule. For example, should the DISH-Federal Agreement terminate for any reason, DISH

(assuming it is the licensee of AWS-4 authority) would be required to operate pursuant to the default rule.

82. To ensure that AWS-4 base stations would be able to operate pursuant both to an
operator-to-operator agreement and to the default rule, equipment manufacturers may seek equipment
authorization for equipment designed against either the OOBE limit in the default rule, the OOBE limit in
an executed operator-to-operator agreement between a licensee of AWS-4 authority and Federal operators
in the 2200-2290 MHz band (which must provide at least 43 + 10 log;o (P) dB of attenuation), or both,
except as specified below. We shall approve or deny the equipment authorization, based on testing

against whichever (or both) OOBE the manufacturer requests.

83. We recognize, however, that equipment designed to operate to the stricter default OOBE
limitswill also comply with any more relaxed OOBE limit contained in an operator-to-operator
agreement. In the case where equipment is intended to be operated at either the default or the relaxed
limits, we believe the equipment will be either modified or adjusted by the manufacturer or in the field.

That is, we expect the equipment to have more than one mode of operation in this case. We require the
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application for equipment authorization for such equipment to clearly demonstrate compliance with both
limits. If at the time of authorization the equipment is only approved for compliance with one limit, but is
expected to be modified subsequently by the manufacturer to operate in another mode either in the factory
or in the field, the original equipment must be approved to permit such changes or meet such changes as

allowed in the permissive change rules for equipment authorization.

84. In addition, alicensee in the AWS-4 band may operate its base stations consistent with its
operator-to-operator agreement only if such an agreement isin effect. In any other situation, including
where such an agreement existed, but has been terminated (for whatever reason), the licensee must
operate AWS-4 base stations that have obtained equipment authorization based on the default rule. To
the extent that alicensee of AWS-4 authority that isa party to an operator-to-operator agreement installs
and operates bases stations that are authorized against an OOBE limit that is |less stringent than the default
rule, that licensee is solely responsible for ensuring that its equipment would be authorized to operatein

the event that the agreement terminates (for whatever reason).

(vii) Interfgrencewith Global Positioning Systems (GPS)
oper ations

8b. Background. Inthe AWS-4 NPRM, the Commission observed that the current Part 25
MSS/ATC rules require certain protection limits over the GPS band at 1559-1610 MHz. Specifically, the
current rules require 2 GHz MSS/ATC base stations and mobile terminals to provide an EIRP limit of -70
dBW/MHz or -80 dBW/700Hz, measured over any two millisecond active transmission interval, in the
1559-1610 MHz band. The Commission also observed that different MSS/ATC bands have different
frequency separations from the GPS band and sought comment on whether any special interference rules

should apply to AWS-4 operations to protect GPS service.

86. Some parties submitted comments asking for tighter emissions limits over the GPS band.
USGIC argued that the current part 25 OOBE limits for the protection of GPS operations at 1559-1610

MHz from terrestrial operations in the 2 GHz band are obsolete and proposed that the Commission adopt
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the EIRP emission limits agreed to by TerreStar and DBSD in their ATC authorization proceedings—
EIRP emission limits for mobile transmitters of -95dBW/MHz for wideband signals and of -105dBW/kHz
for narrowband signals, and EIRP emission limits for fixed or base station of -100dBW/MHz for
wideband signals and of -110dBW/kHz for narrowband signals. Deere similarly asserted that the OOBE
limitsin the Part 25 rules are not sufficient to protect GPS operations at 1559-1610 MHz, observed that
TerreStar and DBSD had agreed to more stringent limits, and recommended that the Commission “further
study thisissue and consider an update to the OOBE limit” that should be applied to AWS-4 operations.
On September 27, 2012, DISH and USGI C submitted a letter agreement in which DISH agreed to limit its

OOBE EIRP densities over the 1559-1610 MHz band to the limits contained in USGIC's comments.

87. Other parties opposed the addition of GPS specific protection limits for AWS-4
operations. CTIA stated that GPS protection limits are not necessary for AWS-4 operations because the
AWS-4 band is located several hundred megahertz away from the GPS band. CTIA further observed that
operations in bands much closer to the GPS frequencies, such asthe AWS-1 band (1710-1755 MHz;
2110-2155 MHz), operate with an OOBE limit of 43 + 10 logo(P) dB into the GPS band and these
operations have not given rise to any complaints of interference to GPS. Instead of adopting OOBE
limits, either by rule or by license condition, CTIA recommended that the Commission continue its recent
efforts to examine receiver performance and noted that the Commission had recently held aworkshop on
receiver performanceissues. LightSquared also stated that the Commission should focus its efforts to
protect GPS by examining GPS receiver reiability standards. Greenwood claimed that the
-105dBW/MHz EIRP limit would be reasonable if implemented over time, provided that receiver
protection requirements for GPS/GNSS receivers increase to mitigate interference susceptibility.
Greenwood, like CTIA, also observed that there are many millions of devices transmitting between the
GPS and AWS-4 bands that operate in bands that do not have specific OOBE protection levels for GPS

and that are not causing OOBE interference to GPS.
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88. Discussion. The Commission has long recognized the importance of GPS and our
responsibility to ensure that it receives appropriate interference protections from other
radiocommunication services. The Commission generally supports the actions of licenseesto resolve
interference issues raised by other spectrum holders or users through private agreements, where, asisthe
case here, they are not otherwise inconsistent with Commission rules or policies. Because the prospective
licensees of AWS-4 operating authority have reached a private agreement with the industry council
representing GPS interests, the USGIC, we believe the most appropriate approach isto require that, as a
license condition, the licensees comply with this agreement and the specific GPS protection limits
contained therein. Thisis consistent with the USGIC’ s request that we “condition AWS-4 licenses with
the OOBE limitsjointly agreed by DISH and the USGIC.” The licenses, moreover, shall remain subject
to this license condition in the event that the licensees assign or otherwise transfer the licenses to
successors-in-interest or assignees. To the extent that AWS-4 licenses return to the Commission (e.q., for
alicensee sfailure to meet the construction requirements), the Commission will, prior to reassigning such
licenses, consult with NTIA about the need for specific OOBE requirements on the new licenses to

protect GPS operations in the 1559-1610 MHz band.

89. In requiring the licensees comply with their voluntary agreement, we need not—and do
not—reach the issue of determining whether the record contains sufficient information on whether and, if
so, at what level, to establish an OOBE limit rule for protection of GPS from AWS-4 operations. We
observe that the USGIC stated that both it and its member Deere believe that the emissions limits for the
GPS band for services operating in other frequency bands should be considered on a* case-by-case basis.”
We make no determination as to whether the limitsin the private agreement are appropriate or viable for

services operating in other spectrum.

(viii)  Interferencewith Other Bands

90. DISH suggested that we should impose emission limits on the 1995-2000 MHz block and

on the 1930-1995 MHz PCS blocks, as well as power limitations for 1995-2000 MHz operations.
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Establishing such limits are outside the scope of this Report and Order, which sets service rules for AWS-
4 spectrum, not the 1995-2000 MHz or 1930-1995 MHz bands. OOBE and power limits for the 1995-
2000 MHz band will be addressed in the H Block NPRM. To the extent that any party seeks achangein

the existing PCSrules, that party is free to petition the Commission for arule change.

1. Nevertheless, we observe that DISH proposed that the Commission limit 1995-2000 MHz
block base station operations by an attenuation of 70 + 10 log,o(P) dB at and above 2000 MHz, and later
proposed instead that such operations should be attenuated by afactor of 79 + 10 log,o(P) dB at and above
2005 MHz. Similarly, DISH suggested that the in-band transmit power of operations in the 1995-2000
MHz band should be significantly reduced, i.e., that this should be alow power band. These proposals
could reduce the usahility of the 1995-2000 MHz band. Such limits appear to be inconsistent with our
general finding that the public interest, consistent with the Spectrum Act, is best served by preserving the
usability of 1995-2000 MHz even if thereis a possibility of reduced usahility of the lower portion of the
AWS-4 uplink band. Thus, we caution any licensee of AWS-4 operating authority against designing or
deploying its network (except at its own risk) assuming either of these levels of OOBE protection for the
2000-2005 MHz band from the 1995-2000 MHz band or low power limitsin the 1995-2000 MHz band.
As noted below, the Commission will not take action to protect licensees of AWS-4 operating authority
from interference that arises in such a scenario. We expect that licensees and their equipment suppliers
will take this warning into account when establishing technical specifications, including industry
standards, and procuring equipment for the band. To the extent that satellite receivers have already been
deployed, which could suffer reductions in performance if full power services are deployed in 1995-2000
MHz, we note that our proceeding proposing full power flexible use for 1995-2000 MHz has been open
since 2004, before satellites operating in the 2000-2020 MHz band were launched, or even likely
designed. Therefore, we expect that the satellites were designed with this overload scenario in mind and

there should, therefore, be no impact to MSS. To the extent thisis not the case, we do not expect to limit
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use of 1995-2000 MHz due to any limitations of receivers deployed after our proceeding on use of 1995-

2000 MHz was opened.
2. Co-Channel Interference Among AW S-4 Systems
92. Co-channel interference rules prevent harmful interference between geographically

adjacent licenses operating in the same spectrum. Specifically, to avoid this interference, the Commission
adopts field strength limits that apply at the geographic edge of the license area. 1nthe AWS-4 NPRM,
the Commission proposed that the current AWS-1 signal strength limit be applied to AWS-4 operations.
we must adopt signal strength limits here. With no commenters opposing this proposal, we conclude that
the benefits of our proposal outweigh any potential costs. Aswe are basing our technical rules generally
on AWS-1 rules where applicable, we continue to believe it appropriate to adopt the AWS-1 co-channel
interference requirements for AWS-4. Thus we adopt the proposed co-channel interference levels and
expand § 27.55(a)(1) of the Commission’ s rules to include the 2180-2200 MHz band. We observe,
however, that the assignment approach we adopt below likely will result in an individual licensee
obtaining assignments for geographically adjacent AWS-4 EA licenses. In such ascenario, that licensee
may choose not to observe this signal strength limit between its geographically adjacent AWS-4 licenses,
so long as it complies with other Commission rules and the adjacent affected service area licensee(s)

agree(s) to adifferent field strength.

3. Receiver Performance

93. We decline to address receiver performance issues at this time due to lack of details and
discussionsin the record. We will continue our efforts to collaborate with multiple stakeholders on
receiver performance and establish a path forward based on the various inputs from interested parties,
including the final recommendations of the Commission’s Technological Advisory Council, Receiver and

Spectrum Working Group.



4, Power Limits

94, The Commission sought comment on appropriate power limits for terrestrial operations
in the AWS-4 band. Specifically, the Commission proposed to apply existing AWS-1 power limits for
both base and mobile stations in the AWS-4 bands. As discussed below, we adopt the Commission’s
proposed power limit for base stations. For maobile operations we adopt a power limit of 2 watts total
equivalent isotropically radiated power (EIRP) with the additional constraint that total power between

2000-2005 MHz be limited to 5 milliwatts EIRP.

a. Base Stations

95, We adopt the three base station power limits. Aswe explain throughout this order, we
base our technical rules on those in place for AWS-1 spectrum. The proposed rules are based on those for
AWS-1, and we received no comments opposing the rules. Thus, we adopt the proposal to limit AWS-4
base stations to 1640 watts EIRP for emissions less than 1 MHz and 1640 watts’MHz EIRP for emissions
over 1 MHz for non-rural areas; the proposal to set AWS-4 power limits for base stations operating in
rural areas at the limits specified in 27.50(d)(1-2) of the Commission’ s rules; and the proposal that AWS-
4 base stations with transmit power above 1640 watts EIRP and 1640 watts’MHz EIRP be required to
coordinate with users in adjacent AWS blocks located within 120 kilometers. These power limits will
help ensure robust service in the AWS-4 bands, while also helping to minimize harmful interference into

other bands. No commenters opposed these proposals.

b. Mobile Stations

96. We adopt the following power limits for AWS-4 mobile operations. First, we adopt a
limit of 2 watts equivalent isotropically radiated power (EIRP) for the total power of a device operating in
the AWS-4 uplink. Then, to protect future operations in the adjacent 1995-2000 MHz band, we also limit
the power of the portion of a device' s transmission that falls into 2000-2005 MHz to 5 milliwatts. Our

adoption of these requirements is based on the following technical analysis.
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97. First, we consider the total mobile power for the AWS-4 uplink band. Although we
generaly are applying AWS-1 technical rulesto AWS-4, here we adopt the 2 watt EIRP power limit
proposed by DISH. No party opposed this proposal. We find that DISH is correct in its understanding of
the ATC rule, and a 2 watt power limit is more restrictive than the existing ATC rulesin the case of large
bandwidths, which may be deployed in this band. Conversely, we note that keeping the PSD-based ATC
rule would unnecessarily limit flexibility, and it could restrict the use of narrow transmission bandwidths,
such as an LTE mobile transmitting on only afew resource blocks. We agree with DISH that a 2 watt

EIRP for AWS-4 mobiles will provide adequate protection to PCS mobiles operating at 1990-1995 MHz.

98. Second, as discussed above, to promote the best and highest use of spectrum, to fulfill our
statutory obligations, and to maintain consistency with past Commission actions, we determine that itisin
the public interest to ensure the efficient and robust use of both the 1995-2000 MHz band and the AWS-4
band, even if that resultsin adopting targeted rules that partially limit the usability of aportion of the
AWS-4 uplink band. For these reasons, above we establish specific attenuation requirements to address
interference from AWS-4 OOBE into the 1995-2000 MHz band. OOBE limits do not, however, address
overload issues. Overload interference can occur in areceiver when it receives signals outside of the
frequencies of the desired signal, especiadly if they are of amuch higher power than the desired signal.
Overload interference can be managed by improving receiver performance through filtering or other
techniques, or by placing transmit power limitations on the authorized frequencies of the potential
interferer. We find below that a balance of expected improved performance for receiversin 1995-2000
MHz (relative to typical specifications) and establishing power limitations on AWS-4 operationsin the
2000-2005 MHz band best mitigates the possibility of mobile-to-mobile interference from the AWS-4

uplink band to the 1995-2000 MHz band.

99. As detailed below, to establish the appropriate power limitations for AWS-4 operationsin
2000-2005 MHz we make several calculations. First, we determine the signal level that future mobiles

operating in the 1995-2000 MHz band can tolerate in an adjacent band, considering both the desired
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signal and the undesired signal levels, that is, the blocking performance. Next, we describe the user
environment under which interference can reasonably be prevented. The environment defines the path
losses between the interfering AWS-4 mobile and the 1995-2000 MHz receiver. Then, we establish
power limits on the AWS-4 mobiles by applying the path losses to the maximum interfering signal level

to work back to the allowable transmitter power.

100.  Blocking Performance. Asthe Commission has not yet adopted rules for the 1995-2000

MHz band, and does not have receiver standards for comparable bands, to calculate the level of overload
interference that we anticipate future mobile receivers operating in the 1995-2000 MHz band will tolerate
we must turn to other sources. With the rapid adoption of 4G mobile broadband technologies, LTE isa
technology commonly being deployed today. We use the 3GPP specifications for LTE user equipment
(UE) operating in the nearby PCS band, band 25 (1930-1995 MHz). Although these 3GPP LTE
specifications are applicable to user equipment operating in 1930-1995 MHz, not 1995-2000 MHz, and
are specific to LTE devices, we fedl they are areasonable indication of the likely performance of future

1995-2000 MHz band devices.

101. Inthe 3GPP specificationsfor LTE, blocking performance is specified with a desired
signal 6 dB above the reference sensitivity. For a device operating in the 1930-1995 MHz band (band 25)
on a5 megahertz channel, the reference sensitivity is-96.5 dBm. Thus, the desired signal is-90.5 dBm.
Next we determine the level of the undesired signal. For interferers on the adjacent channel, the 3GPP
standard specifies the ratio of the undesired to desired signal level, termed the adjacent channel selectivity
(ACYS), rather than an absolute blocking level. For band 25, assuming 5 MHz carriers, the ACSis 33 dB,

resulting in -57.5 dBm as the level of undesired signal that the receiver must tolerate.

102. User Environment. The interference scenario that has been discussed in the record is

where a handheld AWS-4 mobile transmitter and a handheld PCS mobile receiver arein close proximity.

Based on the parameters provided in the comments of Motorola Maobility, which we find reasonable with
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the modification that the body |oss applies to both devices as discussed above, the characteristics of this

environment are:

o Mobilesare separated by 2 meters

e Themobilesarein line of sight conditions, experiencing free space path loss (FSPL)
FSPL (dB) = 20 log (d) + 20 log (f) — 27.55,
where d = distance in meters and f = frequency in MHz.
For a2 meter separation and 2000 MHz transmit frequency, this trandatesto
FSPL = 20 log(2) + 20 log (2000)- 27.55 = 44.5 dB,

e Each mobile (TxAntGain, RxAntGain) has a combined antenna gain and head/body |oss

of -10 dB

e Tota pathlosses= TxAntGain + FSPL + RxAntGain=10+ 445+ 10=64.5dB

103.  Power Limitation. The alowable transmitter power for AWS-4 is thus calcul ated by

adding the path losses of 64.5 dB to the maximum level of the undesired signal level of -57.5 dBm.
Hence, we arrive at a transmitter power level of 7 dBm, which is equivalent to 5 milliwatts. Accordingly,
we find that the limit on the total EIRP of AWS-4 mobiles in 2000-2005 MHz must be at most 5
milliwatts. We recognize that carriers larger than 5 MHz may be deployed in the AWS-4 spectrum, and
therefore, this power limit may in some cases apply to only a portion of the total power transmitted by the
mobile. Therefore, we allow adevice to transmit atotal of 2 watts EIRP, as long as the portion of the

device' stransmission in 2000-2005 MHz is limited to an EIRP of 5 milliwatts.

104. Comparison to OOBE limit. To confirm the appropriateness of this limit, we compare

the effect of overload interference to the 1995-2000 MHz band to OOBE interference to the 1995-2000
MHz band. As discussed above, we establish an OOBE attenuation of 70 + 10 log,o(P) below 2000 MHz
for AWS-4 uplink transmissions. This correspondsto alevel of -40 dBm/MHz. Applying the same
isolation of 64.5 dB for 2 meters of separation, this means the level present at the 1995-2000 MHz

receiver is-104.5 dBm/MHz. Thisis 3 dB below Motorola s suggested typical noise floor of -101.5
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dBm/MHz, consisting of thermal noise of -114 dBm/MHz plusa 12.5 dB noisefigure. Thisisan
approximately 2 dB noise rise or desensitization, close to the 3 dB desensitization Motorola recommends
as athreshold of interference. So the OOBE attenuation of 70 + 10 log;o(P) and power limitation of 5
milliwatts are well balanced, with neither one allowing significantly higher probability of interference

than the other.

105. Receiver Improvements. We note that using standard 3GPP blocking specifications,

similar analysis would also imply the need for power reductions in 2005-2020 MHz. However, we
believe that future equipment for the 1995-2000 MHz band should be able to exceed these specifications,
if licensees find it necessary to do so. We impose power restrictions only in the first 5 megahertz because

of the difficulty of improving filter performance in the first 5 megahertz adjacent to a band.

106.  Private Agreements. We recognize that further improvement of the performance of
receiversin 1995-2000 MHz band, as well as willingness on the part of licensees of the 1995-2000 MHz
band to accept a higher probability of interference, could reduce or eliminate the need for power
restrictionsin 2000-2005 MHz. Therefore, we allow for licensees of AWS-4 authority to enter into
private operator-to-operator agreements with all 1995-2000 MHz licensees to operate in 2000-2005 MHz
at power levels above 5 milliwatts EIRP. In no case, however, may the total power of the AWS-4 mobile

emissions exceed 2 watts EIRP.

107.  Alternate proposal. Asdiscussed above, DISH also proposed a combination of rules and

commitments that it sayswill allow full use of the 1995-2000 MHz band while preventing any 3GPP
delay. In particular, part of this proposal isthat DISH will designate 2000-2005 MHz as a terrestrial
guard band, and DISH’ s devices will not transmit on those frequencies. DISH suggests that this will
create more certainty for potential bidders on the1l995-2000 MHz band than a power limitation such as we
adopt here, and that its proposal will therefore increase the usability of that band. However, we do not
adopt any rules prohibiting transmission in 2000-2005 MHz, as establishing calibrated technical limits

with the flexibility to be modified via private agreements allows technical and business solutions that
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increase the usability of this spectrum if needed, whereas arule such as proposed by DISH would
foreclose any productive use of the spectrum. We also do not believe that DISH’ s proposal will increase
the usability of the 1995-2000 MHz band over the rules we adopt here, which adequately protect the

1995-2000 MHz band through a combination of OOBE limits and power limitations.

108.  Insum, we decline to adopt the proposed power limit of 1 watt EIRP for mobiles.
Rather, we set power limits for mobile operations in the 2000-2020 MHz band as follows: the total power
of the mobileislimited to 2 watts EIRP for emissions in 2000-2020 MHz, and islimited to 5 milliwatts
EIRP for the portion of any emission that falls into 2000-2005 MHz, except as provided for by private
agreement between a licensee of AWS-4 operating authority and all 1995-2000 MHz licensees. No party
presented data on the costs associated with different mobile power limits. Thus, given the record before
us, we conclude that the potential benefits of our adopted mobile station power limit would outweigh any

potential costs.

5. Acceptance of Interference into the AWS-4 Uplink Band.

109.  Asdiscussed earlier, the Commission looks to maximize the flexible use of both the
AWS-4 and the 1995-2000 MHz bands to enable deployment of full, robust, commercial service for
mobile broadband. And, as discussed above, to promote the best and highest use of spectrum, fulfill our
statutory obligations, and to maintain consistency with past Commission actions, we determine that it isin
the public interest to ensure the efficient and robust use of both the 1995-2000 MHz band and the AWS-4
band, even if that results in adopting targeted rules that partialy limit the usability of a portion of the
AWS-4 uplink band. To this end, we have prescribed both power and emission limits on the AWS-4
mobile transmitters to prevent interference to the mobile receiversin the 1995-2000 MHz band. The
Commission anticipates that the new technical rules to be provided in a forthcoming rulemaking for
operation in the 1995-2000 MHz band will address interference to AWS-4 operations. Even with
appropriate technical rules and good engineering practice, where uplink and downlink operations are so

closely located, there will remain a potential for base stations in the 1995-2000 MHz band to interfere
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with the AWS-4 base station receivers. Further, although we are not adopting rules limiting the
operations of MSS mobile transmitters, the proximity of uplink and downlink operations aso raises the
potential for 1995-2000 MHz band base stations to interfere with M SS satellite receivers. Therefore, to
the extent that future operations in the 1995-2000 MHz band, operating within the rules established for
use of the 1995-2000 MHz band, cause harmful interference to AWS-4 operations or M SS operations due
to either OOBE in the 2000-2005 MHz portion of the AWS-4 and 2 GHz M SS uplink band or in-band

power in 1995-2000 MHz, AWS-4 and 2 GHz M SS licensees must accept this interference.

110. Weemphasize that we limit the acceptance of OOBE interference to the 2000-2005 MHz
portion of the AWS-4 and 2 GHz M SS bands. However, should in band interference occur due to the
power in 1995-2000 MHz overloading receivers above 2000 MHz, this overload can potentially affect the
entire receive band. Overload interference can be prevented by improved receivefilters. Therefore, if a
licensee of AWS-4 operating authority determines such filters are necessary, the impact to the uplink
band is limited to the transition band of the filter, not the entire band. Such atransition band would be
less than 5 megahertz, thus the impact would be limited to (at most) the 2000-2005 MHz portion of the
AWS-4 bands, and there is no legacy equipment impact, as ATC service has not been deployed. Finally,
w